Mammalian auditory hair cells do not spontaneously regenerate, unlike hair cells in lower vertebrates, including fish and birds. In mammals, hearing loss due to the loss of hair cells is permanent and intractable. Recent studies in the mouse have demonstrated spontaneous hair cell regeneration during a short postnatal period, but this regenerative capacity is lost in the adult cochlea. Reduced regeneration coincides with a transition that results in a decreased pool of progenitor cells in the cochlear sensory epithelium. Here, we review the signaling cascades involved in hair cell formation and morphogenesis of the organ of Corti in developing mammals, the changing status of progenitor cells in the cochlea, and the regeneration of auditory hair cells in adult mammals.
Hair cells: mechanotransducing cells of sensory end organs Over the course of evolution, structures for sensing the flow or vibration of the external environment have developed in parallel with the neural networks to relay the resulting signals to the central nervous system (CNS). Hair cells, which are observed in a range of vertebrates, such as fish, amphibians, birds, and mammals, are specialized for this particular task. The cells have apically arranged hair bundles that vibrate in response to movements in the fluid-filled labyrinth of the ear or the surrounding medium in aquatic species with motion-sensing lateral line hair cells; this vibration is coupled to mechanotransduction channels. The flow or vibration through the medium stimulates the bundles to generate action potentials via the opening of calcium-gated channels. Sources of this mechanical movement depend on the environment and include water flow, gravity, and sound. The essential structures and mechanics of this process are evolutionarily conserved regardless of the source.
Sound is a vibration or traveling wave of medium (e.g., air or water) that is transduced into an electrophysiological signal by auditory organs. Action potentials serve as these signals, which are subsequently transmitted to the brain via bipolar auditory neurons. In mammals, there are two subtypes of hair cell in the cochlea to subserve different aspects of detecting sound: inner hair cells transmit the signal arising from mechanotransduction channels to the afferent neurons, and outer hair cells change length in response to sound, thus amplifying the mechanical vibration of the basilar membrane that forms the cochlear partition containing the organ of Corti. This organ comprises the sensory epithelium where the hair cells reside together with surrounding supporting cells.
Limited capacity for hair cell regeneration in mammals
Mammalian auditory hair cells do not spontaneously regenerate, unlike hair cells in lower vertebrates, and, as a result, hearing loss due to the loss of hair cells is permanent and intractable. Although recent mouse studies showed limited regenerative capacity of auditory sensory epithelium during a short postnatal period, hair cell regeneration does not occur in the adult cochlea [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
The gradual loss of the regenerative capacity of cochlear hair cells in adult mammals may be an adaptation to the complexity of the organized structure of the cochlear amplifier, which is essential for inner ear function and could be disorganized by a regenerative response to insult.
Mechanisms that have been proposed to account for the decreased regenerative capacity of the adult mammalian cochlea are a reduced number of progenitor cells [11] or lower flexibility of the epithelium resulting from an accumulation of actin in cell-cell junctions [12] . Understanding molecular mechanisms for the loss of regenerative capacity is critical both for designing molecular pathways for hair cell regeneration and for reconstituting the architecture of the epithelium such that function is restored.
Here, we survey the literature on signaling cascades involved in the development of hair cells and morphogenesis of the organ of Corti, the changing status of progenitor cells during the maturation of the cochlea, and the regeneration of auditory hair cells.
The generation and arrangement of hair cells in the developing cochlear sensory epithelium Regenerative medicine offers hope for the treatment of organs in which endogenous cell replacement does not occur. For any advances to be made, a thorough understanding of morphogenesis and cell-fate decisions, with a particular emphasis on underlying signaling cascades, is imperative. In regenerative biology as in developmental
